The maximum total solar radiation in Ibadan (7.38° N, 3.93° E), Nigeria occurred around 13 and 14 h local time (LT) and it varied from an average value of 584.3±10.9 Wm -2 in the wet season (April to October) to 642.5±10. 
INTRODUCTION
Total solar radiation, which is global radiation on a horizontal surface, is the sum of incident diffuse radiation and the direct normal radiation projected onto the horizontal surface. If the surface under study is tilted with respect to the horizontal, the total solar radiation is the sum of incident diffuse radiation, the direct normal radiation projected onto the tilted surface and ground reflected radiation that is incident on the tilted surface. The combination of diffused and direct solar energy incident on a horizontal plane at the Earth's surface is referred to as global solar energy and all three quantities (specifically their rate or irradiance) are linked mathematically by the following expression:
(1) *Corresponding author. E-mail: mojisolaadeniyi@yahoo.com. All the atmospheric, earth, underground and ocean processes depend mainly on solar radiation. Solar radiation is used as passive sensors in remote sensing. It has also been harnessed and used in many forms like (i) direct thermal application: for heating and cooling of buildings and water, distillation, for drying and processing of food stuffs, in irrigation and generation of power (ii) solar electrical application: conversion to electricity. (iii) Fuels from Biomass: the heat from the sun serves as catalyst in decomposition or any chemical reactions that involve heat/light, for example, photosynthesis and in the development of plants for medical use (Monteith, 1975) .
There was global dimming before 1985, but global radiation has started increasing again; that is, global brightening has set in from that time on (Zurich, 2009) . Variations in solar radiation have impact on weather and climate (Zurich, 2009) . Solar eclipse of 29 March, 2006 was reported to influence solar radiance, temperature and wind speed (Founda et al., 2007; Gerasopolus et al., 2007; Nymphas et al., 2009) .
Some works have been done on solar radiation all over the globe of which only few are in the tropics. These include Kane (1977) "s work on interannual variability of global radiation at Wageningen. Jegede (1995) worked on seasonal characteristics of global, diffuse and long wave radiation at Ile-Ife, Nigeria. El Bakry (1994) worked on net radiation over the Aswam high dam lake. Jegede (1997a) worked on diurnal variations of net radiation in a tropical station-Osu, Nigeria. Jegede (1997b) also presented the daily averages of net radiation measured at Osu in 1995. Results of works done in urban tropical area are scarce. Jegede et al. (2004) did micrometeorological experiment where net radiation and global radiation were measured but for short period.
Ibadan is an urban tropical city having a population of about 5 million with a land mass of 20 × 20 km 2 . It has been shown that urbanization leads to a very high spatial concentration of energy use, as urban population increases by 1%, the growth in consumption of energy is found to be 2.2% (Jones and Williams, 1992) . As urbanization is increasing in Ibadan so also the energy consumption is increasing. Nigeria"s urban growth rate is 3 to 5 times greater than rural growth rate and this figure doubles almost every decade (nigeriafirst.com). Ibadan is one of the 15 cities, which the Federal Government of Nigeria has designed the urban management strategy and facility for; these are provided in these cities (Kwanashie, 2003) . Ibadan is also one of the twelve cities chosen in each twelve countries of the world, selected as demonstration models in preparation for the World Summit, Habitat II in Istanbul, Turkey in June 1996. The project was tagged "Sustainable Ibadan Project" (SIP) under the World Bank, United Nations Development Programme (UNDP) and the United Nations centre for Human Settlements (UNCHS) (Habitat) funded the Urban Management Program (UMP) for the whole world (Ogunlami, 2004) .
The fact that Ibadan is a recognized growing urban city made it clear that it needs a lot of energy for everyday use. Because of the erratic nature of power supply and economic considerations, the energy need of the people has not been met. Interest in research in climate change (global warming) necessitates analysis of solar radiation data, also optimal sitting of solar energy systems requires knowledge of the solar radiation characteristics at any given location. Information on inter-annual solar cycles is available but not intra-annual cycles (Mordvinov, 2003) . The data sets used in this investigation happen to be the available long period data in this area. This necessitates this investigation. This investigation provides solar radiation variation that can represent other urban tropical stations. It is therefore necessary to investigate the Adeniyi et al. 5155
characteristics of total solar radiation, which is expected to be abundant in a tropical urban area like Ibadan, to verify the availability of the solar energy round the year; for some years. This will provide a basis for harnessing it.
METHODOLOGY
Diurnal variation of total solar radiation and temperature for the individual months from 1997-2001 at Ibadan were found and compared. Standard deviations were also obtained for the wet season and dry season maximum total solar radiation. The two maxima and one minimum values for the total solar radiation were also found for all the years considered. Annual trend of mean day total solar radiation was also found. Daily averaged total solar radiation for the period 1997 to 2001 was subjected to harmonic analysis to detect the Amplitudes and cycles existing intra-annually. The Amplitudes and intra-annual cycles for the various years were compared.
Data acquisition
Total solar radiation and temperature data used in this investigation are hourly and daily averaged values for the years 1997 to 2001. The data collection station is located at International Institute of Tropical Agriculture (IITA) Ibadan Observatory where HMP 35C temperature, relative-humidity probe with accuracy of 0.2°C was used to monitor temperature and L1200X Pyranometer with accuracy of ±3% was used to measure global radiation. The diurnal data for the following periods were not available: July 1997, June 1999 and April 2001. Observation time was recorded as the mean local time in Nigeria. The height of the grass on the measurement site was not allowed to exceed 0.45 m.
Harmonic analysis
Harmonic analysis is used to reproduce atmospheric phenomena on different temporal and geographical scales (Coe and Stern, 1982; Kirkyla and Hameed, 1989; Sansigolo, 1993) . Harmonic analysis makes use of Fourier series to determine the amplitude and the period of a certain harmonic in a set of data. A Fourier series is an expansion of a periodic function t X in terms of an infinite sum of sines and cosines based on the orthogonality relationship between sine and cosine as shown in Equation (2). Comparison of the sizes of the amplitudes reveals the particular harmonics dominating the curve, which is represented by a series of trigonometric functions. The phase angle represents the day of the year when the maximum or minimum of a given harmonic occurs.
Determination of significant Harmonics
When the sizes of the amplitudes of all the harmonics are compared, and the standard deviation is found; the significant harmonics at 95% confidence level are those that are with amplitudes greater than 2 standard deviations (σ) (Kane, 1997) .
RESULTS
The monthly diurnal variations of total solar radiation and the mean temperature for the period under consideration were found to be similar for each year. Figure 1 illustrates the diurnal variation of these parameters. During the month of July or August as the case may be there was little or no time lag between the time of maximum total solar radiation and maximum diurnal temperature.
Figures 3 (a) and (b) revealed the similarity between the annual variation of maximum diurnal total solar radiation and mean diurnal total solar radiation, with greater magnitude of the maximum total solar radiation as expected.
There was a positive annual trend of total solar radiation during the considered period (Figure 4) .
DISCUSSION

Diurnal variation of temperature and total solar radiation
Total solar radiation and mean temperature were observed to have the same diurnal variation with one peak period daily. Total solar radiation and temperature had low values in the morning and evening, and reached their peaks in the afternoon. There was an average time lag of about 3 h between the time of maximum temperature and maximum total solar radiation. In Ife (7.55° N, 4.56° E), another tropical station in Nigeria, afternoon peak of temperature lags behind that of global radiation as found here in Ibadan (Jegede et al., 2004) . In Osu (7.43° N, 4.58° N) peak time of temperature lags behind that of net radiation by about 2 h (Jegede, 1997a) . This time lag is expected due to the delay in heating the atmospheric column (which starts at the ground) by the incoming solar radiation (Garrat, 1992) . This is explained thus: the atmosphere itself does not receive enough insolation that will raise its temperature to the maximum, the atmosphere is heated by the earth; the 3 h time lag amounts to the space of time between receiving of insolation from the sun by the earth and releasing some of the energy into the atmosphere to heat it and raise its temperature to the maximum. There was no time lag between the maximum total solar radiation and maximum temperature in August 1998. This was also noticed in July 1999 when the time of maximum total solar radiation and temperature was at 14 h local time. In July 1997, July 2000 and July 2001 there was reduced time lag ( Figure  2 ). During these periods the maximum total solar radiation was small compared with all the other months. This may be due to the presence of clouds in the atmosphere since this is part of the rainy season. The insolation received before the maximum was able to raise the temperature to almost the maximum for that month and the maximum global radiation had little or no impact on the maximum temperature since it was not that higher than the incoming solar radiation a few hours before it.
The wet season is characterized by lower daytime total solar radiation of an average value of about 584.3±10.9 Wm ) than that for wet months (σ about 107.1). The cloud and water vapour that are predominant during the wet season vary both spatially and temporally. These are responsible for the low intensity of the incoming solar radiation and the high standard deviation during these months (Iqbal, 1983; Kyle, 1991) . During the dry months, there is no cloud cover to attenuate the incoming solar radiation and so the intensity of total solar radiation is high and the standard deviation is low. These values compared well with those measured at Chian Maig and Bangkok (13° 50`N, 100° 29`E) and Thailand by Exell (1976) . Variation of diurnal total solar radiation obtained is comparable with those obtained in Ife a nearby tropical station. The maximum values are between 600 and 800 Wm -2 in Ife towards the end of February (Jegede et al., 2004) . Figure 3 (a) and (b) revealed the similarity between the Adeniyi et al. annual variation of maximum diurnal total solar radiation and mean diurnal total solar radiation, with greater magnitude of the maximum total solar radiation as expected. There are two peaks and one minimum in a year for both maximum and mean day total solar radiation. There is one peak in March/April/May with value 750.3±41 Wm -2 and the other in October/November with value 633.1±63. per year), 4 to 16 days (20 per year) are obtained for all the years. Intra annual cycles of solar radiation has not been reported but the variation of solar radiation reveals the first and second cycles of 1 and 2 per year (Otunla et al., 2008) . Information on solar cycles exist but there is none on intra-annual cycles (Mordvinov, 2003) . There is no difference in the cycles obtained for the year 1997 to 2001. Generally in the tropics the annual and seasonal range of solar radiation and temperature are very low compared with the higher latitudes and also less than the diurnal ranges. The intra-annual solar radiation cycles show the possible variations of solar radiation during the year. The one cycle per year revealed that any variation occurring at a particular time in the year will re-occur after twelve months, the two cycles per year showed that the particular occurrence will be repeated after six months, this is in agreement with the two seasons we have in a year in this area. The other variations are revealed in the remaining cycles. The knowledge of the intra-annual cycles of total solar radiation and their amplitudes is useful for industrial and agricultural planning. Appropriate industrial and agricultural policies can be formulated based on the cycles. Capital investment needs can be formulated, insurance coverage requirements can be determined, seasonal variation in labour needs can be estimated. Whenever solar radiation is needed for any purpose (plant growth, rearing of animals, electricity and so on) depending on the quantity needed, plans could be made to repeat the processes once, twice, thrice, five times, ten times and twenty times in a year with the assurance of maximum yield. If the cycles are not known, this can only be done on risk.
Comparison of annual and diurnal characteristics of total solar radiation
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Conclusion
Diurnal, seasonal and annual variations of total solar radiation and mean temperature are presented. The dry months have larger values (642.5±10.8 Wm -2 ) of total solar radiation than wet months (584.3±10.9 Wm -2 ). The variations are attributed to clouds, dust haze and harmattan. There are two peaks and one minimum in a year for both maximum and mean day total solar radiation. There is one peak in March/April/May with value 750.3±41 Wm -2 (for maximum) and the other in October/November with value 633.1±63.5 Wm -2 (for maximum). The minimum is in July/August with the value 404.8±54 Wm -2 (for maximum). There was positive trend of total solar radiation throughout the period of consideration. The mean day values are 564.7±19, 488±36 and 308.4±40 respectively for the peak and minimum period of total solar radiation.
The times of maximum total solar radiation and maximum mean temperature diurnal variation show a lag of about 3 h in almost all the months except for July/August in most of the years.
Intra-annual cycles and amplitudes of all available harmonics of averaged daily total solar radiation for the 
